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t>olyploids, in certain instances, are more vigorous 
than their diploid parents probably because the genetic 
traits of the polyploids are an accumulation of those 
contributed by their diploid parents. Many good varieties 
of fruits, which originated as sports, have been found to 
be polyplO,ids .. 
I 
Since the discovery of the use of colchicine as an 
agent for :doubling the . chromosome number, it has been used 
I 
with success in different fields of agriculture - floriculture, 
pomology, olericulture and agronomy. 
The value of poiyploidy in grape improvement is evident 
from the fact that the superior giant fruited sports ; from 
vinifera and other bunch grapes, are tetraploids (19)o The 
size, vigour and quality of tetraploids make them desirable 
for commercial · and home productiono So far we have depended 
primarily on natural conditions for polyploid grapeso Chimeras 
and sports have occurred in sufficient numbers but possi? 
bilities for their \artificial productio~ h.ave not been fully 
exploredo In the present paper results of attempts at 
producing polyploid grapes by the use of colchicine treat~ 
ments, are reportedo 
1 
CHAPTER II 
REVIEW OF LITERATURE 
Review of literature shows t hat rapid developments in 
the experimental production of polyploids have been made 
during the last twenty years or so. Of the several methods, 
chemical treatments have been most widely used for doubling 
the number of chromos omes as they are more successful and 
comparatively easy to make (4). 
Various chemicals have been used for doubling the chro-
mosome numbero According to Blakes lee (2) "in the classic 
experiments of Nemec, first report ed in 1904, chromosome 
doubling was induced with chloral hydrate" . Greenleaf (12) 
used indole-3-acetic acid or heteroauxin with success only 
in the tobacco family. Ei gsti (8) taking a hint from Dustin's 
observations t hat colchicine arrested mitosis for about 24 
hours, treated Allium r oots and found polyploid condition 
in many sections. Witkus and Berger (27) found that vera-
trine sulphate, a mixture of a l kaloids, produced effects 
similar to colchicine. However , colchicine , since its dis-
covery in 1937 as polyploidising a gent, has been and still 
is most widely used for doubling the number of chromosomes . 
Colchicine is an a l kaloid found in varyi ng quantities 
in almost all species of t he genera Colchicum. Saff ron 
meadow or fall crocus (golchicum autmnale) is the import-
2 
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ant source of supply for the colchieine available in the 
market. All parts of the plant contain varying amounts of 
the alkaloid ··with the highest concentration in the corms 
and matured seeds which -may contain o.6%-1.23% (9). 
Colchicine arrests nuclear processes at late prophase, 
metaphase and anaphase. Early and mid-prophase revert back 
to interphase. Late prophase, me taphase and anaphase are 
~aterially affected. Spindle mechanisms are partially or 
wholly destroyed or their developm~nt is completely inhib-
ited. Following this and after t he concentration of colchi·-
cine in the cell subsides, the cells may recover and the 
nuclear processes may proceed normally , (9). 
Various plant parts have been successfully treated 
with colchicine {or induced polyploidy. Of the several 
cases on record, using different plant parts, a selected 
number will be reviewed he re. 
Seeds 
Although colchicine has no visible effect on resting 
cells it does exert its influence on actively dividing 
cells. Dormant seeds have also been successfully treated 
for induc ed polyploidy. Presumably,the chemical penetrates 
the seeds and remains to exert its influence when the tissues 
of the seed resume activity after being planted. 
Paul (20) obtained good results by treating seeds of 
chilli (Capsicum annuum) in aqueous solution of colchicine. 
Treatment with 0.2% concentration for 3 days and o.4% 
4 
concentration for 2 days gave the best success of 73% and 
60% respectively. 
Bohn (3),in attempts to produce tetraploid tomato plants, 
came to the conclusion that the most satisfactory treat.~entf 
for the varieties of Lycopersicum esculentum:1was soaking 
of seeds in o.4% aqueous solution of e.olchicine for 120 
hours. For L, peruvianum both 96 and 120 hour soaking or 
seeds gave good results. 
Myers (17) induced tetraploidy in rye plants by soak-
ing the seeds in 0.2% or o.4% aqueous solutions of colchi-
cine for 24 hours and 6 hours respectively. 
Growing Points 
Cell division is always most active at the growing 
points irrespective of the age of the seedling or shoot 
and such tissues have been treated with success by different 
workers. 
Beasely (1) treated growing points of cotton seedlings 
at the time first internode began to elongate by making a 
slit two centimeters below the growing point and keeping 
1 t immersed in a vial containing o •. 2% colchicine solution 
in tap water for 24 hours. Fifty five per cent of the 
treated plants were tetraploids and they had greater length 
and diameter of lint than normal diploids. 
Pearson and others (21) were able to restore the fertility 
of F1 hybrids of two species, :Q.µcu~bita moschata and C. maxima, 
through doubling the chromosome numbers by the.use of 
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colchicineo The technique was to germinate the seeds in_pots 
in the dark to cause hypocotyls of thE: seedlings to elongate@ 
The seedlings were then exposed to light for two days to 
establish vigorous growth. Whole pots containing the seed-
lings were then inverted over trays of 0.4% aqueous solu-
tion of colchicine so that the epj_cotyls were immersed. 
Forty e:Lght hours exposure gave the best results. 
Derman (5) potted one year old pear seedlings, headed 
them back to six inches and removed all bm.t three upper 
most buds. The growing points of new shoots emerging out 
of these buds were kept moist for five days with 1.0% 
aqueous solution of colchicinec Later these shoots devel-
oped large flowers with large pollen grainso 
Emsweller (10) induced tetraploidy in one year old 
seedlings of Easter lily by exposing their meristems and 
then dipping them in colchicine solutions of 0 .. 2;0 to lo07b 
for two hours. 
Detection and D<3termination of Polyploidy 
Review of literature shows that most workers have used 
one or more of the following criteria for the detection 
and determination of polyploidy: 
i., Morphological changes 
ii .• Increase in size of stomat1:1s 
iiio Increase in size of pollen grains 
ivo Chromosome counts 
Morphological changes 
Visible changes of size and shape of plant are the major 
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morphological characteristics of induc polyploidyo Some 
parts may show increase and others decrease. Tetraploid 
grapes have larger berries but shorter internodes than 
their normal diploid parents (19)o Tetraploid cotton has 
greater lint length but shorter internodes than diploids(l)& 
Hence any visible morphological abnormality or abnormali-
ties in the treated plants as compared to diploid parents 
may be suspected to be due to induced polyploidyG 
Size of Stomates 
Increase in size of stomates has been most widely used 
as a criterion of polyploid nature. In cotton, size of sto-
mates was 147; greater than those of normal plants. Tetra-
ploids of Lilium (10), grapes (7), sugarbeets (22) and 
tobacco (26) had greater stomatal lengths as compared to 
untreated diploids. 
Morphological abnormalities may fail to provide indi-
cation of induced polyploidy but increase in length of 
st ornates furnishes definite measurable indications .. Derrnen 
(6) could not detect any morphological change in treated 
peach seedlings from outward appearance but determined 
polyploid sectors through stomatal measurements .. 
Size of Pollen Grains 
Size of pollen grains is another and better criterion 
extensively used to detect polyploidy. Pollen grains in 
tetraploid tobacco plants were 30-40% larger than normal 
7 
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d iploi?s - (26). In tetraplo~d ~1p~ars and la:r:-~~:Pu: .. ~h~ -~:'~~IJ-S 
were twice as big as in diploids (13). Tetraploid peaches 
- • · ' -· - ,. -· 4" .. 
had large and square shaped pollen grains while in diploids 
they were small and triangular (6). 
In wheat crosses where polyploidy could not be detected 
either by morphological changes or even by the measurement 
of stomates, increased size of pollen grains up· to 45% 
helped to distinguish them (25). Hence detection of induced 
polyploidy can more accurately be made through measurement 
of the size of pollen grains and it should, wherever 
feasible,follow the measurement of stomatal lengths. 
Chromosome Counts 
Polyploidy is most conclusively verified by chromosome 
counts. Though a sure method, its reliability depends on 
the region from which the sample has been taken for chromo-
some counts. In potatoes Johnstone (16) hoted tetraploid 
roots but diploid tops. Einsett and Pratt (11) found that 
in grapes diff erent layers of cells were diploid or tetra-
ploid. In some plants upper layers (epidermis) were diploid 
while inner layers were tetraploid. In some plants the 
situation was reverse. 
In colchicine treated blackberry seedling~ Hull (14') ' 
observed shoots and roots which had either just internal 
tissues or only epidermal cells affected while in others 
various combinations of tetraploid and diploid cells 
existed. 
CHAPTER III 
METHOD AND PROCEDURE 
Study was conducted in the Horticultural Department 
of the Oklahoma Agricultural and Mechanical College, Stillwater 
from December 1953 to February 1956, to determine the possi-
bility of producing tetraploid grapes by the use of colchicine 
treatments a 
Three varieties used in the study were: 
Bailey Strong vigorous vines with large compact clusters; 
berries with thin but tough skin; fair qualityo 
Delaware: Moderately vigorous vines with small to medium 
compact clusters; small light red colored berries 
with thin tenacious skin; good quality. 
Seneca : Vigorous grower with medium size moderately compact 
clusters; medium sized yellowish green berries 
with thin tender skin; good quality. 
Procedure 
Of the several techniques of colchicine application, 
three methods used in the present study were bud paint, 
capsule and shoot dip treatments9 
One year old wood cuttings of Bailey and Delaware were 
made on 9th December, 19530 They were packed in moist peat 
0 
and placed in cold storage at temperature of 34F on December 
8 
9 
12th, 19530, On January 28th, 1954 they were removed from 
the storage and planted in sandy soil in rows on a bench in 
the greenhouse. Twelve cuttings were placed in each row. 
0 O 
The temperature was maintained at 60 Pat night and 70 F 
during day time. 
Bud Paint Treatment 
After about twelve days when buds showed signs of 
swelling they were painted with colchicine-lanolin paste of 
different concentrations. Each row was treated with a 
separate concentration. The ,proportions ,of lanolin and col-
chi cine for different concentrations were as follows: 
Concentration Colchicine Lanolin 
0.2% o.o4 grams 19.96 grams 
o.4% 0.08 II 19~92 II 
o.6% 0.12 II 19~88 II 
o.8% 0.16 II 19~84 II 
1.0% 0.20 I'. .. 19~80 II 
1.2% 0.,24 II 19.,76 fl 
Capsule Treatment 
Buds were allowed to grow shoots 1-2 inches long. The 
growing points of shoots were exposed as far as possible by 
cutting off folded leaves., Capsules·. were made of Tygon plastic 
tubing pieces about 3/4 inch long, sealed at one end. The 
capsules contained cotton plugs which were saturated with 
aqueous:-colchicine solution and carefully slipped over the 
growing points to remain for 48 hours. However, the capsules 
were removed twice a day to resaturate the cotton plugs with 
10 
respective colchicine solutions. The colchicine concen-
trations used were 0.3%, o.4% and 0. 5% in distilled water. 
Shoot Dip Treatment 
For this treatment one year old plants of Seneca variety 
were transplanted into individual pots. Two shoots were re-
tained and others removed. When the shoots were 5-6 inches 
long, the growing points were carefully exposed by cutting 
off folded l eaves and t hen were dipped in vials containing 
colchicine solutions of 0.3%, o.4% and o.5% for 12, 24 and 
36 hour time intervals. ·Aqueous solutions of colchicine of 
desired strengths were made and 2-4 drops of 10% Santomerse 
were added to reduce surface tension of the film. 
Determination 
From the various treatments certain individual plants 
evidencing morphological changes, were selected and retained. 
These plants were removed from the gr eenhouse bench, potted 
and identified as numbered selections beginning with Bailey 
variety followed by Delaware and Seneca. 
To determine the effectivness of the treatments, lengths 
of stomates were measured as there is close correlation bet-
ween the increase in chromosome number and length of stomata. 
Various methods of preparing leaves for stomatal observations 
such as boiling in absolute alcohol to remove cholorophyll 
or boiling in potassium hydroxide and peeling off the epi-
de~mis, failed to yield results with grape leaves of the 
11 
varieties used in this study due to the presence of heavy 
pubescence on their under sides. The method of obtaining 
impressions of leaf cells on collodion films, adapted from 
Sax (24) and described below worked well with grapes. 
Pubescence was rubbed off by means of art gum from the 
area where the sample was to be taken. Collodion was painted 
in a thin film on this area, care being taken that the film 
was uniformly thick. When the edges of the film began sepa-
rating it was peeled from the leaf by means of a foreceps 
and cemented on a clean slide. Cover slip was immediately 
put on and sealed by means of jewelry cement. 
Uniform leaf samples were taken from the fifth node 
below the growing point both in case of normal and treated 
plants. Collodion films from uniform spots (t ems. from t he 
midt'ib and t cm, from the sinus) were taken and slides 
prepared, The lengths of stomates were measured by means of 
a calibrated microscope. Data obtained from normal plants 
'\-!ere subjected t'o statistical analysis to obtain "tolerance 
lim!ts " which could be used as a yardstick to compare read-
ings of treated plants with normals, Ca~era lucida drawings 
of sections of leaves of each variety, Bailey, Delaware and 
Seneca, were mad'e to compare with those from treated leaves 
of the same varietie·s. 
For detection of any increase .,,in chromosome numbers in 
treated plants fresh cuttings f rom treated plants,having 
markedly dif f erent appearance, were taken and rooted in 
vermiculite under constant mis t spray. 
12 
Roots were collected at 10.00 A. M. and fixed in 
Craf III for 24 hours and cross sections cut 10 microns 
in thickness. The sections were stained in crystal voilet 
as described by Sass (23)~ 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Bud Paint Treatment 
Dormant buds of grapes are encased in scale leaves and 
swelling of buds is the earliest visible indication of cell 
activity having been resumed by the dormant buds. Accordingly 
buds were painted with lanolin-colchicine paste following 
evidence of swelling. Ultimate growth from buds, treated at 
this time, gave rise to shhots which apparently were not 
affected. It was, therefore, concluded that penetration 
of colchicine through scale leaves is materially retarded. 
Hence the growth should proceed to the point of breaking 
or splitting of bud scales before the treatments are 
applied. This would allow the colchicine to reach the grow-
ing point . a~ea. 
The first leaf to expand following colchicine appli-
cation, that is the outermost of those surrounding the 
apical dome, . was invariably more distorted than those develop-
ing later on. Crumpled portions of the affected leaves were 
darker green than were t he smoother portions of the same leaf. 
Each succeeding leaf showed less and less distortion until 
the leaves appeared to be normal. The rate of shoot elonga-
tion decreased as compared to the rate of growth of a normal 
shoot. The internodal length was less than that in the normal 
13 
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plants (Fig. 1) • 
The colchicine concentration, the number of plants 
treated and the number affected from the bud treatments 
are shown in Table I. The lowest concentration of colchi-
cine, 0.2%, did not affect the variety Bailey while two 
of the six Delaware plants treated were affected. Both 
were affecte.d by the o.4% colchicine treatments. 
V ' t a:rie ;v 
TABLE; I 
BUD PAINT TREATMENTS: CONCENTRATIONS OF COL-
CHICINE, VARIETIES, NUMBER TREATED AND THE 
NUMBER OF BUDS SELECTED. 
B 'l ai e"' . D l. e aware 
Concentration Number Number Number · Number 
of colchicine treated selected treated selected 
in lanolin / 
0;2% 5 - 6 2 
0~4% 9 4 8 3 
0~6% 12 3 12 10 
0~8% 10 5 10 6 
1~0% 10 5 10 6 
1.2~ 9 2 10 6 
.Apices of y_oung shoots arising from buds treated with 
1.2% colchicine concentration were killed in the case of 
the Bailey v·ariety but they survived in Delaware. This 
high concentration was more de~rimental to Bailey. 
Twenty measurements of stomatal lengths were made from 
collodion film impressions of leaves of each selection. Mean 
stomatal length for each selction was determined and compared 
with the data of untreated plants. The data on the length 
of stomates of five normal plants of each Bailey, Delaware 
and Seneca varieties were subjected to statistical analysis 
Fig. I Immediate erteot ot treatment ( o.~% Capsule tor 48 hour•) 
on the appearanoe or Delaware plant. 
T • treated plaat 
c - normal plant t: 
16 
and tolerance limits were calculated at the 90% level. The 
range or the maximum limits of variation, thus, assures 
that if an observed value for any selection is greater than 
this limit, the difference is due to the treatment. The 













Applying this information to other stomatal length 
measurements under different treatments, the plants, identi-
fied with an asterisk, were found to have readings higher 
t han the maximum tolerance limits. None of the treated or 
affected plants exceeded the lower limit. Camera lucida 
dra.wings of the leaf tissues from treated and untreated 
grape plants show differences in size of stomates. Drawings 
of the representative material of treated and unt reated 
' I 
Bailey, Delaware and Seneca plant leaf sections are presented 
in Fi~2. The data on stomatal length are tabulated in 
Table II. 
Capsule Treatment 
Capsules, containing cotton plugs saturated with col-
chicine soluiions, were slipped over carefully exposed 
growing points of shoots. The treatment was continued for 
forty eight hours. The number of growing points of shoots 
treated and the ones selec;ted as having been affected by 
the treatments, were recorded in table III. 
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Fig. 2: Camera lucidu drawings of representative 
leaf tissues of treat ed and untreated 
Seneca, Bailey and Delaware varieties of 




Normal Seneca 2. Treated Seneca 4. It Sailey II Bailey 




CAPSULE TREATMENT: CON~ENTRATIONS OF AQUEOUS 
SOLUTIONS OF COLCHICINE, VARIETIES, NUMBER 
OF GROWING POINTS TREATED AND SELECTED 
"R:: ilev Delaware 
Concentration Number Number Number . Number 
19 
of colchicine treated selected treated selected 
in water 
' 
0.3% for 48 hrs. 9 3 7 5 
0~4% . n II fl 5 - 9 3 
0.5% II n n 4 - 7 3 
Treatments with 0.4% and 0.5% colchicine solution for 
48 hours were found to be extremely injurious to the growing 
points. Some of the growing points treated with these con-
centrations failed to make furt her growth and subsequently' 
died. In Delaware only 3 survived out of seven treated with 
0.5% colchicine solution while in Bailey none survived the 
o.4% and 0.5% treatments.- All plants, which recovered, were 
saved for further examination. Treated plants had shorter 
internodes, smaller leaves and characteristic type of 
branching assuming a bushy pattern (Fig. 1). The leaves 
though thicker than normal did not develop the roughened 
or crumpled condition as was the case of leaves for bud 
paint . treatment. 
Collodion films from leaves of treated plants were 
prepared and the impressions of their stomatal lengths 





STOMATAL LENGTH MEASUREMENTS IN LEAVES OF BAILEY AND 
DELAWARE GRAPES IN MICRONS FOR DIFFERENT 
CAPSULE TREATMENTS 
BAILEY DELAWARE 
Treat- Plant Stomatal Treat- Plant Stomatal . ' . 
ment number -length in ment number length in 
microns microns 
' . I . . . . 
0.3% 20 22053 Oo3% 60 24;03 
Capsule 21 25092 # Capsule 61 24~66 
22 27090 # 62 27~58 * 
63 24~39 
64 29,,~4 * 
o.4% ,~g 27 ~35 * Capsule 25~57 - 67 26Al9 \ -
Oo5% 68 25~74 
Capsule 69 28~71 * 
... p __ 70 24g4z 
# - exceeded tolerance limit 25083 for Bailey 
* _ 11 n u 26.91+ n Delaware 
Shoot Dip Treatment 
One year old plants of Seneca were usede The growing 
points of shoots were exposed~ as far as possiblej by cutting 
off folded leaves,, Prepared shoots were submerged in vials 
containing different concentrations of colchicine. for 
periods of 12j 24 and 36 hours 9 as indicated in Table Vo 
The shoot apex receiving 12 hour treatment in Oo4% colchi-
cine solution slipped out of the vial,, Since this ·treatment 
was interrupted this shoot was not considered further,, Sto-
matal length measurements were recorded by preparing collodion 
film strips of tr$ated leaves and the data are presented in 
21 
Table v. The 0.3%, 0.4% and 0.5% colchicine concentrations 
were n,ot highly toxic to th~. growing poii.nts ·of sboQts and 
all shoots survived. 
TABLE V 
SHOOT DIP TREATMENT: STOMATAL LENGTH MEASUREMENTS IN 
LEAVES OF SENECA GRAPE IN MICRONS UNDER DIFFERENT 
SHOOT DIP TREATMENTS 
... 
Concentrat i on Time Number Stoma-tal ___ 
of colchicine . . interval treated length in 
j_n water microns ---- - -- - - -- ~ -. 
__.  
0.3% 12 Hours 1 27;00 
24 II 1 26~28 
36 ti 2 A 36;90 • 
B 29.4~ * 
o.4% 12 II Treatment .interrupted 
24 " 1 29;97 * 36 II 2 A 36;62 * 
B 21.51+ 
0.5% 12 II 1 2~;54 . 24 II 1 2 ,;~4 
36 II '2 A 34~ 7 * B 2'J.02 
' * Values higher than the tolerance limits ·for the 
Seneca untreated. The range is. 22 .30-28. 72. microns 
. ,· . 
I 
As the treatment time was increased more cells were 
affected and as a result there was an increase in ,. average 
stomatal le~gth. Weaker concentrations for longer periods 
had similar effects. 
Differences in Stomatal Lengths as Affected 
by different Treatments 
Table VI shows a comparision of stoJ'l'latal lengths from 
I 
treated plants (above tolerance limits) with untreated. 
I 
Of this group, the lowest percent increa~e was 11.2. 
The average percentage stoiqatal length increase was 
22 
found to range from 16-20%. This percent increase in length 
of stomates is fairly close to what was found with tetra-
ploid cotton. Since the increase in stomatal length is 
directly associated with increase in chromosome number, it 
could be assumed that such tissues are polyploids. 
TABLE VI 







~- ~" Ave.Stomatal Ave.Stom.atal -· 
Treatment length o.f 5 ·length of in- Percent 
normal plants dividual treat increase 
ed nlants · 
o.6% B.Paint 23.3 microns 2~.18 microns .. 16~6 
o.8% " 2 ~26 n 22·i ' .. 1.2% 11 27.72 n 19~ 
0.3% Capsule 25.92 ,11 11~2 
'27.90 fl ;20.6 
o.6% B.Paint 24.2 It 27 .63: tl 14~1 
27.20 n 12~3 
28.53 n 1'?~8 
28.,35 If 17~1 
0~8% n 30.33 n. ,2·5~3 
28.17 ' It 16i1-
27.45 n J.J~4 
1.o% ti 27.45 n 13~4 
28.44 n 17~5 
29.16 " 20~5 
29~70 tt 22~? 
28.44 It 17.5 
1.2% ft 28~17 fl 16~4 
0.3% Capsule 27.58 rt 13~9 
29.3>+ " 21~2 o,4% n 27.,35 n. i~;:~ o~~ig " 28.71 11 
· ·. Shoot Dip 
36.90 4lt~7 0 .3% · 36 hrs. 25.5 It n 
29.43 tt 15~4 
o.4% 24 fl 29~97 fJ 17~4 
36 11 36~62 t1 43~6 
O .. '>'~ ~6 tl 14 .lt7 n ~~-1 
* Plants exceeding the highest tolerance limit of 
normal checks. 
Chrqmosome Counts 
As chromosome counts are the final criteria of any 
induced polyploidy, attempts were made to count them. The 
portions of shoots beyond the point of treatment, were cut 
and rooted under constant mist spray. Roots, formed in about 
ten days, were removed, killed and fixed in Craf III. 
Carnoy's fluid, which was originally used, caused shrinkage 
of the tissues and hence was discontinued. 
Roots killed and fixed about 10 . 00 A , M. showed cells, 
which were dividing. It was not possible to cut sections 
thinner than 10 mi~rons since they usually broke when the 
ribbon was expanded in preparation for fixing it to the 
slide. 
Though it was possible to view the chromosomes in many 
cells, they could not be counted, as the chromosomes in 
grapes are small. 
CHAPTER V 
DISCUSSION 
In several species of plants doubling of chromosome 
number has caused increase in size of flowers and fruitso 
Seedlessness of triploids, as a result of crossing between 
diploids and tetraploids, is also an admitted fact of great 
importanceo Both these desirable characters-large fruit size 
and seedlessness, may be combined in grapes when suitable 
techniques, for producing tetraploids of desirable varie-
ties, are worked outo Literature is replete with instances 
where tetraploids of several species of plants have been 
produced by the use of colchicine. 
Variable colchicine treatments were given to grapes in 
the present study. The effectiveness of treatment appeared 
to depend upon the concentration of colchicine reaching a 
growing point, the stage of development when col.chic'ine 
reaches the cell and the time interval it remains in effect-
ive concentration in the cello 
Production and utilization of polyploids involves three 
steps viz., application of treatments, detection, and prop-
agation of the affected parts o The treatm.ents., applied in the· 
light of the experience of other workers, have been described 
previously. For detection of any polyploidially induced ab-
normality, length of stomates has been relied upon, as an 
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-indication of change. Stomatal length has been shown to be 
closely associated with chromosome number. Stomates in tetra-
ploid grapes (7), peaches (6), lilium (10), sugar beets (22), 
potatoes (16) and tobacco are greater than those of normal 
diploids. Stomata in tetraploid cotton were 14% larger 
than those in diploids (1) and in apples the difference 
between stomatal lengths of triploids and diploids was 
lo% (18). Measurement of stomatal lengths provides research 
workers an opportunity to quickly screen numerous plants 
with high accuracy when other methods, such as root sections 
and chromosome counts, are not practicable. As the length 
of stomata varies with the conditions of growth, cultural 
conditions of plants grown for comparison must be kept 
as uniform as possible . 
Prior to the discussion of specific data, it appears 
desirable to consider some immediate effects of treatments 
with colchicine. The growth was checked. The shoots f rom 
treated plants had shorter internodes and branched, result-
ing in a characteristic bushy appearance while untreated 
plants had little t endency towards branching and the main 
shoot elongated rapidly. These characters conform to the 
description of tetraploid grapes as reported by Olmo (19). 
The U-shaped leaf base character of tetraploid muscadines, 
as observed by Dermen (7) was not consistent or in some 
cases evident in the varieties of bunch grapes used in these 
experiments. The individual treatments may be considered 
~eparately as in the following pages: 
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Bud Paint Treatment 
The growth of shoots is from a number of distinct cell 
iayer.s at the very summit of the shoot apex. When colchic±ne 
is applied to vegetative buds, which will grow into shoots, 
I 
polyploidy is induced in certain layers independently of 
others, so that various combinations of polyploid and nor-
mal layers are to be expected within the same meristem. 
As none of the plants receiving 0.2% and o.4% lanolin-
colchicine bud paint treatment, develop~d leaves with stoma-
tal lengths greater than the tolerance limits, it appears 
that these concentrations are not high enough to morphologi-
cally affect the apical meristem. The very young leaf and 
leaf primordia provide considerable protection against 
penetration of colchicine to the growing point. Hull (14) 
describes overlapping of young l eaves and their heavy pube-
scence, which entrap air in the area adjacent to the dome, 
as being responsible for limited colchicine penetration. 
In the Bailey variety o.6% and o.8% bud paint treatment 
gave rise to_ shoots which had leaves with increased stomatal 
lengths and epidermal tissues affected by these treatments. 
The fact that very few plants were affected is probably due 
to poor penetration or incomplete contact of colchicine with 
the plant tissues. On the other hand , buds of the Delaware 
variety painted with the same o.6% and o.8% colchicine 
concentration produced greater number of plants which . . . 
appeared to be affected . This was explained, following 
careful observation, by the fact that leaves of Bailey 
were thicker and had a heavier coating of hairs than 
the Delaware variety. 
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The fact that a greater nwnber of Delaware plants had 
stomatal lengths exceeding the higher limit of tolerance 
than in the Bailey plants, receiving the same treatments, 
indicates that varieties respond differently to the same 
treatment and t hat a treatment suitable for one variety 
may not hold for another. 
Capsule Treatment 
As colchicine is in aqueous solution it is better able 
to r each the tissues to be treated t han was possible by the 
bud paint method . In the latter instance the heavy pubescence 
formed a mat between the layer of colchicine-lanolin paste 
and the plant tissue which was to have been treated. This 
·· is the primary explanation of why a low concentration of 
colchicine in aqueous solution is quite effective in modify-
ing subsequent growth, measured as stomatal lengths. Concen-
trations of 0.3% and 0.4% colchicine for 48 hours were 
effective. Concentrations higher than this were severely 
injurious to the growing points of both Bailey and Delaware 
varieties under treatment. 
Shoot Dip Treatment 
The shoot dip treatment, like the capsule treatment, 
affords complete contact of t he chemical with the plant 
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tissues and concentrations of 0.3% and o.4% for 24 hours and 
36 ho~rs were effective. Careful scrutiny of the data will 
reveal that weaker concentrations for longer periods and 
higher concentrations for shorter periods had the same effect. 
Longer exposure periods or higher concentrations caused a 
greater number of cells to be affected by colchicine. 
Conclusion 
It can, therefore, be concluded that bud paint treat-
ment in concentrations of o.6% - 1.0% in grape varieties 
with less pubescence and thinner leaves than the Bailey, will 
produce significant effects, among which are increased 
stomatal lengths. Lesser colchicine concentrations of 0.3% 
and o.4% in aqueous solution are equai1y effective in 
causing an increase in stomatal lengths. 
Since increased stomatal length is closely associated 
with i ncrease in chromosome number, the percent difference 
between stomatal lengths of treated and n.ormal plants is 
usually in the range of 16-2o%.As this differenc~ is fairly 
close to what is expected at the tetraploid level in cotton 
(14%),we can thus safely assume such tissues to be polyploid. 
Caution, however, is advised in using stomatal length 
as the final criteria of induced polyploidy because stomata 
may vary considerably under various conditions of growth. 
Though conditions of growth, in the present experiment, were 
kept as uniform as possible and the data on stomatal length 
is comparable, still polyploids will have to be confirmed 
by chromosome counts. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
In order to explore the possibilities of producing 
tetraploid grapes from desired varieties, three different 
methods of colchicine application - bud paint, capsule and 
shoot dip treatments, were tried. 'fhree varieties of bunch 
grapes used in the study were Bailey, Delaware and Seneca., 
For treatment of buds, colchicine concentrations in 
lanolin varied from 0.21G to l.2J&. For treatment of growing 
points, aqueous so Lutions of Oo3;i, Ool+% and 0., 5ft colchicine 
were used., Growing points were treated by two methods. 
First method consisted in keeping the e::-cposed growing points 
iilllllersed in O .. 3%, 0 .l+% and O. 59& aqueous solution of colchi-
cine for 12, 21+ and 36 hours. The second method employed 
capsules containing cotton plugs, saturated with colchi~ 
cine solutions of o.31t, 0.,1+5;; and 0 .. 5%, which were slipped 
over carefully exposed growing points., Treatments were con-
tinued for ~-8 hours. 
For detection of induced polyploidy, visible morpholo-
gical differences such as thicker, smaller and more intense 
green leaves and shorter internodes were used. 'These were. 
regarded as preliminary select.ions and plants were properly 
identified· for further observatio11.s o · · 
:rhe effect of Colchicine 011 stome.tal length ·was studied. 
Impressions of leaves of comparable age and similar location 
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·were made for more detailed study of stomatal lengths. The 
selected spots were cleaned of pubescence ~nd collodion 
films ; a,pplied in order to make the impres,sions and from them 
stomatal length measurements. Tolerance limits were deter-
mined for normal plants of the 'thre~ varieties under study. 
Calculations to determine the probabilities at the 90% level 
· I 1 
of treated and untreated plants were made. Plant~, with 
leaves having stomatal length measurements beyond the maxi-
mum toler;ance limit for normal plant_, were considered to 
I 
have been affected by colchicine application. The technique 
of preparing collodion films has been described in detail. 
Application of bud paint was found to be most effective 
when applied at the time cracks and slits appear in the 
scale leaves as a result of the developing apical dome. 
Buds, treated at the first signs of swelling, produced 
normal shoots. Bud paints of 0.6%-1.0% colchicine concen-
tration resulted in plant growth , the leaves of which 
produced stomata of significantly greater length than those 
of untreated plants. Response to bud paint treatment 
varies ~ith t?e variety. Delaware variety was affected 
more than Bailey from identical treatments. 
Capsule treatments, with 0.3% or o.4% for 48 hours 
time interval, have been quite effective in modifying 
growth. Higher concentrations than these were injurious. 
Dipping the exposed growing points of shoots in 0.3% 
,.or o.4% aqueous solution of colchicine for 24 and 36 hour 
tre~tment have proved equally effective. 
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The sto:matal lengths of colchicine treated plants were 
16-20;& larger than those of normal untreated plants" This 
difference is fairly close to what is found in tetraploid 
cotton (14;0 o 
Sugges~iOJ1§ ... For Future Study 
1. Plants should be grown in individual containers instead 
of b.enches. This would enable better handling of indi~ 
vidual plants and facilitate treatments .. Both accuracy 
and efficiency of operation would be improved. 
2. Temperature records and the time of treatment should be 
recorded to establish the time of active cell divisiono 
This is particularly important since the precise stage 
of cell division 1 at the time of colchicine application, 
accounts for the success or failure of the treatmento 
( 
Cells_, in early and mid~,prophase stage of cell division, 
return to interphase and remain so until the influence 
of colchicine in the cell has subsided. 
3. In shoot dip treatment all axillary buds from untreated 
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